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(54) Title: A NUCLEAR PLANT 
(57) Abstract 

A nuclear reactor plant with a light water 
reactor, comprises a containment (1) having an 
upper space (2) and a lower space (3). The 
lower space is separated from the upper space by 
a separating member (4) and arranged to house 
a cooling medium (16). Furthermore, the plant 
comprises a reactor vessel (9) housing a reactor 
core (10) and provided in the upper space (2). 
The separating member (4) comprises a portion (7) 
which is arranged to be located at such a position 
that the surface of the portion (7) facing the lower 
space (3) is in contact with said cooling medium 
(16). The reactor vessel is provided above said 
portion (7). 
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5 A nuclear plant 

THE BACKGROUND OF THE INVENTION AND PRIOR ART 

The present invention refers to a nuclear reactor plant with 
10 a light water reactor, comprising a containment having an 
upper space and a lower space, which is separated from the 
upper space by a separating member and which is arranged to 
house a cooling medium , and a reactor vessel housing a 
reactor core and provided in the upper space. 

15 

Such nuclear reactor plants are known and these have proved 
to function in a satisfactory manner. However, if the 
reactor core for any reason would reach such a temperature 
that the fuel starts to melt and the geometry of the core is 

2 0 changed f it might happen that the core may fall down from 
its original position and penetrate the bottom of the 
reactor vessel, i.e. a so-called core melt. In this case, 
the core will fall down onto the bottom surface of the 
containment . As long as the containment is intact and the 

25 core may be maintained within the containment, there is no 
real risk that radioactivity in any greater amount will leak 
to the environment. However, if the core would melt through 
the containment, the risk for such a leakage is imminent. 

30 Different measures have been -proposed in order to avoid this 
risk. One such measure is to sprinkle cooling liquid over 
the core located on the bottom surface. However, such a 
cooling from above may prove to be insuf f icient , during a 
longer period of time, to prevent in a secure manner any 

35 part of the core from penetrating the containment. Another 
measure proposed is to let the core fall down into a water 
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pool provided beneath the reactor vessel. A further measure, 
which has been proposed, is to let the core fall down into a 
container having double walls between which a cooling medium 
circulates to cool down the core. 

5 

SUMMARY OF THE INVENTION 

The object of the present invention is to provide a way to 
take charge of a core which has fallen down through the 
10 bottom of the reactor vessel in such a manner that the risk 
of radioactive emissions to the environment may be further 
reduced . 

This object is obtained by the reactor plant initially 

15 defined and characterized in that the separating member 
comprises a portion which is arranged to be located at such 
a position that the surface of the portion facing the lower 
space is in contact with said cooling medium, and that the 
reactor vessel is provided above said portion. By such a 

20 design of the reactor plant, which enables the feature that 
said portion is submerged in a cooling medium, the core at a 
possible core melt will fall down onto said portion. 
Thereby, the following essential advantages are obtained, on 
the one hand that the core in a pass ive manner wi 1 1 be 

25 cooled from beneath by the fact that the lower surface of 
the portion is in contact with the cooling medium in the 
lower space and on the other hand that a further barrier for 
the core to be penetrated before it may reach the floor 
surface of the containment has been provided. Furthermore, 

30 if the core anyway would penetrate said portion, the 
complete floor surface of the containment is available for 
the core, i.e. the core may be distributed over a large area 
covered by said cooling medium. Advantageously, said portion 
may comprise a surface arranged in such a manner that said 

35 cooling medium may flow along the surface and remove heat 
from said portion. In such a manner, one may ensure 
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efficient cooling from beneath of a core which has fallen 
down at a possible core melt, since the cooling medium flows 
along the surface and cools it down by natural 
recirculation . 



According to a further embodiment of the invention, the 
separating member comprises a wall portion extending 
upwardly from and surrounding said portion in such a manner 
that said portion and the wall portion form a cavity of the 

10 separating member. In such a manner, the core will in case 
of a possible core melt be located in a delimited space and 
it is also possible to let the wall portion be cooled down 
from outside by said cooling medium in the lower space. In 
addition, it is possible to fill up said cavity by water 

15 before the melt reaches said portion, enabling the cooling 
to be further improved. 

According to a further embodiment of the invention, an 
openable connection is provided to extend between said 

20 cooling medium in the lower space and said cavity and to 
enable the supply of said cooling medium to the cavity. In 
such a manner it is possible to cool down the core not only 
from beneath through said portion but also by direct supply 
of cooling medium onto the core. Thereby, the openable 

25 connection may comprise a conduit extending through the wall 
portion . In such a manner , the core may in addition be 
cooled down from above by for instance cooling medium 
flowing down over the core . Furthermore , the openable 
connection may comprise a fuse portion arranged to fuse at a 

30 predetermined temperature and thereby the openable 
connection. In such a manner, the additional cooling will 
take effect as soon as a sufficiently high temperature has 
been achieved by the fuse portion. Thereby, the fuse portion 
may be comprised by said portion, which thus involves the 

35 flowing of the cooling medium into the cavity from beneath. 



5 
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According to a further embodiment of the invention, the 
lower space comprises a bottom surface formed by the lower 
limiting wall of the containment, said portion being 
provided at a distance from the bottom surface, wherein at 
5 least one essentially vertical support plate extends between 
said portion and the bottom surface. 

According to a further embodiment of the invention, at least 
one channel extends through the separating member and 

10 connects the upper and lower spaces. Said channel has an 
orifice in the lower space, which is arranged to be located 
in said cooling medium. By such a channel, possible 
discharge of steam into the upper space, which may lead to a 
pressure increase therein, will be conveyed down into the 

15 lower space and will be condensed in said cooling medium. 
According to an advantageous embodiment, the openable 
connection has an orifice in the cavity, which is provided 
at a lower level than the orifice of the channel. In such a 
manner, it is ensured at the pressure of said cooling medium 

20 at the openable connection will be sufficiently high to 
permit the cooling medium to flow through the openable 
connection and into the cavity, and in such a manner that 
the core may be cooled down at the same time as the steam 
from the water above the core may be cooled down by the 

25 colder cooling medium in the lower space . In order to 
ensure, over a longer period of time, an efficient cooling 
of the core, means may be arranged to cool down said cooling 
medium in the lower space. 

30 Further features and advantages of the present invention 
will appear from the following description of different 
embodiments . 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention is now to be explained more closely by- 
means of embodiments, defined by way of example, and with 
5 reference to the drawing attached, in which 

Fig 1 discloses a section through a nuclear reactor plant 
according to the present invention. 

DETAILED DESCRIPTION OF DIFFERENT EMBODIMENTS 

10 

The invention refers to a nuclear reactor plant with a light 
water reactor, i.e. a reactor which may comprise a boiling 
water reactor, BWR, or a pressure water reactor, PWR, and 
which employs water as cooling medium and moderator. Fig 1 

15 . discloses schematically a nuclear reactor plant comprising a 
containment 1 enclosing an upper space 2 and a lower space 
3 , which are separated from each other by means of a 
separating member 4 in the shape of an intermediate wall. 
The intermediate wall 4 comprises a peripheral, essentially 

20 plane portion and a cavity 6 centrally provided and defined 
by a lower portion 7 and a wall portion 8 extending around 
the lower portion 7 and connecting this portion 7 with the 
peripheral portion 5. 

25 A reactor vessel 9 is provided in the upper space 2 and in 
such a manner that it at least partly extends down into the 
cavity 6. At 10, a reactor core contained in the reactor 
vessel 9 is schematically disclosed. The reactor plant 
disclosed is of a so-called boiling water type and comprises 

30 a steam conduit 11 extending out of the containment 1 to a 
turbine plant for generating electrical energy. From the 
turbine plant, a feed water line 12 extends through the 
containment 1 and back into the reactor vessel 9. Above the 
containment 1, there is a further space 13 which is arranged 

35 to house different pools, for instance a pool with water in 
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which the fuel rods may be provided during repair and fuel 
replacement . 

A number of channels 14, so-called blow down pipes are 
5 provided between the upper space 2 and the lower space 3. It 
is to be noted that merely one such channel 14 is disclosed 
in Fig l. The containment 1 comprises a lower limiting wall 
15 forming ah essentially plane bottom surface of the lower 
space 3. The lower space 3 is arranged to house a cooling 

10 medium 16, for instance water. Furthermore, the lower space 
3 is arranged to house such an amount of cooling medium 16 
that the orifice of the channel 14 in the lower space 3 will 
be located in the cooling medium 16. Moreover, in Fig 1 a 
heat exchanger device 17 is disclosed schematically, which 

15 is arranged to be connected to an external cooling circuit 
for cooling of the cooling medium 16. Furthermore, the plane 
portion 15 comprises at least one one-way valve 5' which is 
arranged to open a connection if the pressure in the lower 
space 3 is higher than the pressure in the upper space 2 in 

20 order to equalize the pressure in both the spaces 2 and 3. 

Furthermore, in Fig 1 is disclosed an openable connection 18 
in the form of a pipe conduit between the cavity 6 and the 
lower space 3. The openable connection 18 may comprise a 

25 valve member permitting automatic opening at a core melt. 
The openable connection 18 may also comprise a melt fuse, 
which at a temperature raised to a predetermined level melts 
and opens the connection 18 . Moreover, an openable 
connection 19 may be provided in the portion 7, which also 

30 may comprise a valve member or a melt fuse melting at a 
predetermined temperature and opening the connection 19 in 
such a manner that cooling medium 16 may flow therethrough 
into the cavity 6. As appears from Fig l, in a boiling water 
reactor the openable connections 18 and 19 are provided at a 

35 lower level and the orifice of the channel 14. 
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Due to the cooling by the heat exchanger device 17, the 
pressure in the upper space 2 is somewhat higher than in the 
lower space 3, compare the slightly lower liquid level in 
the channel 14 than in the lower space 3 . At a possible 
5 steam leakage in the upper space 2, steam will thus be 
conveyed down through the channel 14 and be condensed in the 
cooling medium 16. The lower space 3 and the cooling medium 
16 present therein consequently form a so-called 
condensation pool. 



The lower portion 7 in the cavity 6 comprises a lower 
surface which is submerged in the cooling medium 16 and 
which permits natural flowing of the cooling medium along 
the surface. Such a flowing may be improved by the surface 

15 being for instance convex. It may also be essentially plane 
and slope somewhat in relation to a horizontal plane. Also 
other shapes of the surface are possible in order to 
increase the flowing of the cooling medium and thereby the 
cooling of the portion 7. The lower portion 7 may be 

20 manufactured from different types- of material. For instance, 
it may be mentioned that it may comprise a steel plate, the 
lower surface of which is positioned in direct contact with 
the cooling medium 16 in the lower space 3 . Thereby, a 
satisfactory heat transfer between the cavity 6 and the 

25 cooling medium 16 is ensured. Furthermore, vertical support 
plates 20 may be provided between the lower portion 7 and 
the lower limiting wall 15 of the containment 1. These 
support plates 20 may for instance be provided in a star 
configuration and extend radially. The purpose of the 

30 support plates 20 is on the one hand to increase the heat 
transfer surface from the lower portion 7 and on the other 
hand to form a support for the lower portion 7 and to absorb 
the forces which may arise for instance at possible steam 
explosions in the cavity 6. The support plates 20 are 

35 designed and positioned in such a manner that they do not 
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hinder the flowing of the cooling medium 16 along the lower 
portion 7. 

If the reactor core 10 for any reason would reach a raised 
5 temperature and start to melt, and thereby lose its position 
in the reactor vessel 9 and fall down against and through 
the bottom of the reactor vessel 9, the core 10 being 
geometrically changed in such a manner, will be positioned 
on the lower portion 7. Since the lower portion 7 and the 
10 wall portion 8 are cooled from outside by the cooling medium 
16, the portion 7 will at least during advantageous 
conditions in a passive manner resist the heat developed by 
the core 10 which has fallen down. The cooling of the core 
will be improved by the direct supply of cooling medium 16 
15 to the core via the openable connection 18 and/or the 
openable connection 19. since the orifice of the channel 14 
is located above the connections 18, 19, it is ensured that 
the pressure of the cooling medium 16 always may overcome 
the pressure prevailing in the upper space 3 and in 
20 particular in the cavity 6 in such a manner that the cooling 
medium 16 will flow in through the connections 18, 19. 
Furthermore, at a possible core melt, the design of the 
cavity 6 and its bottom 7 will cause heat from the core, 
which has fallen down into the cavity, to be transferred to 
25 the cooling medium 16 via the bottom 7 in such a manner that 
the pressure in the lower space 3 increases and becomes 
higher than the pressure in the upper space 2. However, at 
the same time the cooling medium will be supplied to the 
core via the connections 18, 19, at least as long as the 
pressure in the lower space 3 is higher than in the upper 
space 2. The cooling medium which in this manner is supplied 
to the core which has fallen down will evaporate, which 
raises the pressure in the upper space 2 in such a manner 
that blowing down takes place through the channels 14. 
Consequently, the conditions are not always stable and the 
gas generated by the core which has fallen down will collect 
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in both spaces 2 and 3 in such a manner that a total 
pressure reduction is obtained. 

If the cooling is not sufficient, the core will after a 
5 while melt through the lower portion 7 and fall down into 
the cooling medium 16 in the lower space 3. As appears from 
Fig 1, the bottom surface of the lower space 3 has a 
significantly greater area than the lower portion 7 and 
thereby the core may spread over a large area onto the 

10 bottom surface. During the passage of the melted core 
through the portion 7, it will be divided and in this manner 
the cooling effect is increased. Consequently, these factors 
result in a more efficient cooling of the core by the 
cooling medium 16 and thereby it is also possible to prevent 

15 the core from penetrating the lower limiting wall 15 of the 
containment 1 . 

By the arrangement according to the invention, a further 
barrier at a possible core melt is thus provided. This 

20 design may have an essential significance in order to ensure 
that no radioactivity leaks out into the environment outside 
the containment 1. it is also to be noted that the 
arrangement according to the invention relies on completely 
passive measures, i.e. it does not imply the function of any 

25 pumps or other actively driven members in order to ensure 
the integrity of the containment 1 at a possible core melt. 

The present invention is not limited to the embodiment 
disclosed but may be varied and modified within the scope of 
30 the following claims. For instance it is to be noted that 
the plant may comprise either one of the openable 
connections 18 and .19, both of these or no opening at all. 
It is also possible to provide more opening connections 
extending around the wall portion 8. 

35 
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Although the embodiment disclosed refers to a boiling water 
reactor, it is to be noted that the principles according to 
the invention also are applicable to a so-called pressure 
water reactor. 
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Claims 



1. A nuclear reactor plant with a light water reactor, 
comprising a containment (1) having an upper space (2) and a 
5 lower space (3), which is separated from the upper space by 
a separating member (4) and which is arranged to house a 
cooling medium (16) , and a reactor vessel (9) housing a 
reactor core (10) and provided in the upper space (2) , 
characterized in that the separating member (4) comprises a 
10 portion (7) which is arranged to be located at such a 
position that the surface of the portion (7) facing the 
lower space (3) is in contact with said cooling medium (16), 
and that the reactor vessel is provided above said portion 
(7) . 



2. A nuclear reactor plant according to claim 1, 
characterized in that said portion (7) comprises a surface 
arranged in such a manner that said cooling medium (16) may 
flow along the surface and remove heat from said portion 

20 (7) . 

3. A nuclear reactor plant according to any one of claims 
1 311(1 2 ' characterized in that the separating member (4) 
comprises a wall portion (8) extending upwardly from and 

25 surrounding said portion (7) in such a manner that said 
portion and the wall portion form a cavity (6) of the 
separating member. 

4. A nuclear reactor plant according to claim 3, 
30 characterized i,n that an openable connection (18, 19) is 

provided to extend between said cooling medium (16) in the 
lower space (3) and said cavity (6) and to enable the supply 
of said cooling medium (16) to the cavity. 
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5. A nuclear reactor plant according to claim 4, 
characterized in that the operable connection (18) comprises 
a conduit extending through the wall portion. 

5 6. A nuclear reactor plant according to any one of claims 
4 and 5, characterized in that the openable connection {18 , 
19) comprises a fuse portion arranged to fuse at a 
predetermined temperature and thereby open the openable 
connection. 

10 

7. A nuclear reactor plant according to claim 6, 
characterized in that the fuse portion (19) is comprised by 
said portion (7) . 

15 8. A nuclear reactor plant according to any one of claims 
4 " charact erized in that the openable connection 

comprises a valve member. 

9. A nuclear reactor plant according to any one of the 
20 preceding claims, characterized in that the lower space (3) 

comprises a bottom surface (15) formed by the lower limiting 
wall of the containment (1), said portion (7) being provided 
at a distance from the bottom surface (15) , and that at 
least one essentially vertical support plate (20) extends 
25 between said portion (7) and the bottom surface (15) . 

10 . A nuclear reactor plant according to any one of the 
preceding claims, characterized bv at least one channel (14) 
extending through the separating member (4, 5) and 

30 connecting the upper and lower spaces (2, 3), and in that 
said channel (14) has an orifice in the lower space (3), 
which is arranged to be located in said cooling medium (16) . 

11. A nuclear reactor plant according to claims 4 and 10, 
35 characterized in that the openable connection (18, 19) has 
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an orifice in the cavity (6), which is provided at a lower 
level than the orifice of the channel (i 4 ) . 



12 

5 



A nuclear reactor plant according to any one of the 
preceding claims, characterised by means (17) arranged to 
cool down said cooling medium (16) in the lower space (3) 
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